Zinc binding and redox control of p53 structure and function.
The p53 protein is a tumor suppressor often inactivated in cancer, which controls cell proliferation and survival through several coordinated pathways. The p53 protein is induced in response to many forms of cellular stress, genotoxic or not. p53 is a zinc-binding protein containing several reactive cysteines, and its key biochemical property, sequence-specific DNA binding, is dependent upon metal and redox regulation in vitro. In this review, we describe the main features of p53 as a metalloprotein and we discuss how metal binding and oxidation-reduction may affect p53 activity in vivo. In particular, we stress the possible involvement of thioredoxin, Ref-1 (redox factor 1), and metallothionein in the control of p53 protein conformation and activity. Furthermore, we also review the available evidence on the role of p53 as a transactivator or transrepressor of genes involved in the production and control of reactive oxygen intermediates. Overall, these data indicate that p53 lies at the center of a network of complex redox interactions. In this network, p53 can control the timely production of reactive oxygen intermediates (e.g., to initiate apoptosis), but this activity is itself under the control of changes in metal levels and in cellular redox status. This redox sensitivity may be one of the biochemical mechanisms by which p53 acts as a "sensor" of multiple forms of stress.